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ing of some six per cent. of the yield of steel would be 
effected annually, the value of which, at the present. 
rate of output and price of steel, is no less than a 
quarter of a million sterling-. 

The volatilization of sulphur in the converter while 
it is retained by the steel in the open hearth furnace, 
and the increase in the percentage of manganese, 
which leave!! the slag and returns to the bath of metal 
in the converter at the end of the" blow," will pro
Lably be traced to the disturbance of equilibrium 
which attends very slight variations in the conditions, 
especially as regards temperature and pressure, under 
which the operations are conducted. 

In the blast furnace the reducing action must be 
greatly dependent on the rate at which alkaline cya
nides are formed, and Hempel has recently shown, by 
the aid of well devised experiments, that the quantity 
of cyanides which may be obtained at a high tempera
ture from carbon, nitrogen, and alkaline oxides in
creases as the pressure becomes greater. 

Metallurgical chemistry is, in fact, a special branch 
of chemical science which does not come within the 
ordinary �phere of the academic teaching of chemistry. 
It is often urged that metallurgical practice depends 
upon the application of chemical principles which are 
well taught in every large center of instruction in this 
country, but a long series of chemical reactions exist 
which are of vital importance to the metallurgist, 
though they are not set forth in any British manual of 
chemistry, nor are dealt with in courses of purely 
chemical lectures. I feel bound to insist upon this 
point, because, as examiner in metallurgy for the 
science and art department, I find that purely ana
lytical and laboratory methods are so often given in 
the belief that they are applicable to processes con
ducted on a large scale, and at high temperatures. 

We are told that technical instruction should be 
kept apart from scientific education , which consists 
in preparing the student to apply the results of past 
experience in dealing with entirely new sets of con
ditions; but it can be shown that there is a whole 
side of metallurgical teaching which is truly educa
tional, and leads students to acquire the habit of scien
tific thought as surely as the investigation of any 
other branch of knowledge. 

It is, in fact, hardly possible, in a course of theo
retical chemistry, to devote much attention to specific 
cases of industrial practice in which reactions are in
complete, because they are limited by the presence of 
bodies Ithat cannot be directly eliminated from the 
chemical system. Take, for instance, the long series of 
reactions studied by Plattner, who published the re
sults of his investigations ill his celebratetl treatise, 
., Die Metallurgische Rostprozesse," .i<'reiberg, 1856, 
whose work I have chosen as a starting point on ac
count of our presence in South Wales near the great 
copper smelting district of Swansea. A complex sul
phide, of which copper is the main metallic constit.u
ent, contains some fifty ounces of silver to the ton. 
The problem may be supposed, for the present, to be 
limited to the extraction of the precious metal from 
the mass in which it is hidden, and the student deriv
ing his knowledge from an excellent modern chemical 
treatise would find the case thus stated: 

"Ziervogel's process dppends upon the fact that when 
argentiferous copper pyrites is roasted, the copper and 
iron sulphides are converted into insoluble oxides, 
while the silver is converted into a soluble sulphate, 
which is dissolved out by lixiviating the roasted ore 
with hot water, the silver being readily precipitated 
from this solution in the metallic state. " 

It is certain that if an observant, chemically trained 
student visited a silver extraction works, and possessed 
sufficient analytical skill to enable him to secure evi
dence as to the changes that occur, he would find a set 
of facts which his training had not enabled him to pre
dict, and he would establish the existence of a set of 
reactions to the nature of which his chemical reading 
had hardly given him a clew. The process to be con
sidered is a simple one, but it is typical, and applies to 
a large proportion of the 7,000,000 ounces of silver an
nually obtained in the world from cupriferous com
pound8. He would be confronted with a ton or more 
of finely divided material spread in a thin layer over 
tt1e bed of a reverberatory furnace. Suppose the ma
terial is what is known as a complex regulus as im
ported into Swansea or produced at .i<'reiberg, to which 
are added rich native sulphides. The mixture thee 
consists of sulphides mainly of iron and copper, with 
some sulphide of lead, and contains fifty or sixty 
ounces of silver to the ton, and a few grains of gold. 
It may also contain small quantities of arsenic and an
timony as arsenides, antimoni;les, and sui pho-salts, 
usually with copper as a base. 

The temperature of the furnace in which the opera
tion is to be performed is gradually raised, the atmo
sphere being an oxidizing one. The first effect of the 
elevation of the temperature is to distill off sulphur, re
ducing the sulphides to a lower stage of sulphuriza
tion. This sulphur burns in theHurnace atmosphere 
to sulphurous anhydride (SO.), and, coming in contact 
with the material undergoing oxidation, is converted 
into sulphuric anhydride (SO,). It should be not.ed 
that the material of the brickwork does not intervene 
in the reactions, except by its presence as a hot porous 
mass, but its influence is, nevertheless, considerable. 
The roasting of these sulphides presents a good case 
for the study of chemical equilibrIUm. As soon as the 
sulphurous anhydride reaches a certain tension, the 
oxidation of the sulphide is arrested, even though an 
excess of oxygen be present, and the oxidation is not 
resumed until the action of the draught changes the 
conditions of the atmosphere of the furnace, when the 
lower sulphides remaining are slowly oxidized, the 
copper sulphide being converted into copper sulphate 
mainly by the intervention of the sulphuric anhydride 
formed as indicated. Probably by far the greater part 
of the iron sulphide only becomes sulphate for a very 
briQf period, being decomposed into the oxides of iron, 
mainly ferric oxide, the sulphur passing off. Any sil
ver sulphide that is present would have been converted 
into metallic silver at the outset, were it not for the 
�hnultaneous presence of other sulphides, notably 
those of copper and of iron, which enables the silver 
Bnlphide to become converted into sulphate. The lead 
sulphide is aiso converted into sulphate at this low 
temperature. The heat is now raised still further with 
a view to split up the sulphate of copper, the decom
position of which leaves oxide of copper. If, as in 

this case, the bases are weak, the sulphuric anhydride 
escapes mainly as such; but when the sulphates of 
stronger bases are decomposed, the sulphuric anhy
dride is to a great extent decomposed into a mixture of 
sulphurous anhydride and oxygen. The sulphuric an
hydride, resulting from the decomposition of this cop
per sulphate, converts the silver into sulphate. and 
maintains it as such, just as, in turn, at a lower tem
perature, the copper itself had been maintained in the 
form of sulphate by the sulphuric anhydride elimi
nated from the iron sulphide. When only a little of 
the copper sulphate remains uodecomposed, the silver 
sulphate begins to split np, and the furnace charge 
must, therefore, be immediately withdrawn, or the 
whole of the silver sulphate would be converted into 
metallic silver, partly by the direct action of heat 
alone, and partly by reactions such as those shown in 
the following equations: 

Ag.SO,+4Fe.0.=2Ag+6Fe.O,+SO. 
Ag.SO.+Cu.0=2Ag+CuSO.+CuO 

If the charge were not withdrawn, the silver would 
thus be effectually removed from the �ol vent action of 
water, and the smelter's efforts would have failed en
tirely. The charge still contains lead sulphate, which 
cannot be completely decomposed at any temperature 
attainable in the roasting furnace, except in the pres
ence of silica, and it is well to leave it where it is if the 
residue has subsequently to be smelted with a view to 
the extraction of the gold. The elimination of arsenic 
and antimony gives rise to problems of much interest, 
and again confronts the smelter with fa case of chemi
cal equili brium. For the sake of brevity it will be well 
for the present to limit the consideration to the re
moval of antimony, which may be supposed to be pres
ent as sulphide. Some sulphide of antimony is dis
tilled off, but this is not its only mode of escape. An 
attempt to remove antimony by rapid oxidation would 
be attended with the danger of converting it into in
soluble antimoniates of the metals present in the 
charge. In the early stages of the roasting it is, there
fore, necessary to employ a very low temperature, and 
the presence of steam is found to be useful as a source 
of hydrogen, which removes sulphur as hydrogen 
sulphide, the gas being freely evolved. The reaction-

Sb.S.+3H.==3H.S+2Sb 
between hydrogen and sulphide of antimony is, how
ever, endothermic, and could !Jot, therefore, take place 
without the aid which is afforded by external heat. 
The facts appear to be as follows: Sulphide of anti
mony, when heated, diss(lciates,and the tension of the 
sulphur vapor would produce a state of equilibrium if 
the sulphur thus liberated were not seized by the 
hydrogen and removed from the system. The equi
librium is thus destroyed and fresh sulphide is dissoci
ated. The general result being that the equilibrium 
of the system is continually restored and destroyed 
until the sulphide is decomposed. The antimony com
bines with oxygen and escapes as volatile oxide, as 
does also the arsenic, a portion of which is volatilized 
as sulphide. 

The main object of the process which has been con
sidered is the formation of solu ble sulphate of silver. 
If arsenic and antimony have not been eliminated, 
their presence at the end of the operation would be 
specially inconvenient, as they give rise to the forma
tion of arseniate and antimoniate of silver, insolUble 
in water, which may necessitat.e the treatment of the 
residues by an entirely different process from that 
which has hitherto been considered. 

It will have been evident that effecting this series of 
changes demands the exercise of the utmost skill, care, 
and patience. The operations beginning at a dull red 
heat, or a temperature of some 500 deg., are completed 
at 700 deg., within a range, that is, of 200 deg. Judici
ous stirring has been necessary to prevent the forma
tion of crusts of sulphates, which would impede the 
reactions, and, as has been shown, an undue elevation 
of temperature within a very limited range would, at 
any stage, have been fatal to the success of the opera
tion. It is difficult to appreciate too highly the deli
cacy of sight and touch which enables an operator to 
judge by the aid of rongh tests, but mainly from the 
tint of the streak revealed when the mass is rabbled, 
whether any particular stage has or has not been 
reached, and it will be obvious that the requisite skill 
is acquired solely by observation and experiment. The 
technical instructor may impart information as to the 
routine to be followed and the appearances to be ob
served, but scientific knowledge of a high order can 
alone enable the operator to cont.end with the disturb
ing influences introduced by the presence of unex
pected elements or by untoward variations in tempera
ture. In the training of a metallurgist it is impossible 
to separate e ducation from instruction, and the above 
description of a very ordinary operation will show the 
intimate relations between science and practice which 
are characteristic of metallurgical operations. Prac
tice is dependent on science for its advancement, but 
scientific workers too often hesitate to attack the me
tallurgical problems, and to devote the resources of 
modern investigation to their solution, because they 
are not aware of the great interest of the physical and 
chemical problems which are connected with many 
very simple metallnrgical processes, especially with 
those that are conducted at high temperatures. 

Proceeding yet one step farther, suppose that the 
copper smelter takes possession of the residual mass, 
consisting mainly of oxide of copper, he would smelt 
it with fresh sulphide ores, and obtain, as a slag from 
the earthy matters of the ores, a ferrous silicate con
taining some small proportion of copper. The dis
placement of the copper from this silicate may be 
effected by fusing it with sulphide of iron, a fusible 
sulphide of iron and copper being formed which rea
dily separates from the slag. By this reaction some 
twenty thousand tons of copper are added to the 
world's annuttl production. 

Pro�eeding a step farther. suppose the smelter to 
have reduced his copper to the metallic state. If 
arsenic had been originally present in the ore, and had 
not been eliminated entirely in the roasting, extra
ordinary difficulties will be met with in the later stages 
of the process, in extracting small quantities of arsenic 
which resist the smelter's efforts. Copper, moreover, 
containing arsenic cannot be "overpoled," as the pres
ence of arsenic hinders the reducing action of gases on 
the copper. The amount of arsenic which the copper 
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smelter has to remove may vary from mere traces up 
to one per cent. ,  and if the copper is destined for the 
use of the electrical engineer, he will insist on its be
ing as pure as possible, for the presence of a trace of 
arsenic would materially increase the electrical re"ist
ance of the copper, and would be fatal to its use in 
submarine telegraphy. 

If, on the otber hand, the copper is intended for the 
maker of locomotive fire boxes, he will encourage the 
retention of small quantities of arsenic, as it is found 
to actually increase the endurance of the copper, and 
the smelter will in such a case have no inducement to 
employ the basic furnace lining which Mr. Gilchrist 
has offered him, nor will he care to use the special 
methods for the removal of arsenic with which he is 
familiar. It may all seem simple enough, but the 
modern process of copper smelting has been laborious
ly built up, and has a long and interesting pedigree 
wbich may be traced to at least the eighth century, 
when Geher described the regulus "coarse metal" as 
being" black mixed with livid," and our familiar" blue 
metal " as being" of a most clean and pleasant violet 
color," lj,nd indicated the reasons for the difference. 

(To be continued.) 

THE SMOKE ANNIHILATOR. 

AMONG the numerous methods which have been de
vised for the purpose of consuming smoke, the appli
cation of furnaces of special form has not been over
looked. 

Mechanical stokers, forced draught, specially de
signed fire bridgeR, have all been pressed into service, 
in the attempt to solve the problem of how to prevent 
smoke. 

Several furnaces have been at different times in
vented for the purpose of obviating this evil, and 
the system employed by the Gaseous and Liquid 
Fuel Supply Company (Limited), although nflt charac
terized by any striking feature of originality, never
theless embodies a sound and scientific principle, and 
judging by the results obtained at recent trials, the 
smoke annihilator appears to be effective in its 
action. 

The main object which it has in view is to furnish 
a secondary supply ofjheated air, which is introduced 
at the back of the fire bridge. As we previously men
tioned, there is nothing new in this idea, but, up to 
now, it has been practically impossible to effect this 
without interfering with draught on the grate. 

The fact of having overcome this difficulty, thereby 
rendering the secondary air supply available, without 
affecting the efficiency of the boiler, constitutes the 
chief feature in this system, thus converting a well 
known theoretical desideratum into a practical possi
bility. 

As will be seen in our sketch, the air, after passing 
under the fire Ilrate, goes through an opening at the 
bottom of the fire bridge (b), and coming into contact 
with the carbon monoxide and hydrocarbons which 

have escaped combustion, consumes these gases, ren
dering them useful by utilizing the heat produced in 
their combustion. It will also be noticed that,there is 
a drop arch (d) placed at the point where the heated 
air supply enters, which arch, becoming incandescent 
in consequence of the combustion of the carbon mon
oxide, etc., maintains the temperature necessary for 
the secondary ignition. That the combustion is 
achieved in a satisfactory manner, the following analy
ses will show. 

The coal which was employed was exceptionally 
high in hydrocarbons, thus rendering the test a rigor
ous one. It gave upon analysi�: 

Fixed carbon . .......................... . 

Volatile matters, chiefly hydrocarbon, 
with some sulphur ................... . 

Moisture . . . • . . • . . . . • • • • •• . • • • • • . . . . . . • . .  

Ash .. ... .. . . . ... .... . ... . . ..... . .... .. . .  . 

54'22 

28'35 
4'70 

12'73 

100'00 
Upon testibg the residual gases which were obtained 

by taking a sample over a period of two hours from the 
boiler flue, the following results were obtained: 

Nitrogen . . . . . . .  ' "  . .  , . . .  " . " . . . .  • • . . .  . . 83'47 
Oxygen ....... " ... ... .... _ ..... ... . .. , . . 0'69 
Carbon dioxide ... .. . .... .  " . ... . . .. . . ... 15'01 
Carbon monoxide .... .. .. . .  ............ 0'83 
Sulphur dioxide . ... ... . .. . . ... ... . ... ,t Absent Free hydrogen and hydrocarbons . .. . 5 . 

100'00 

It thus appears that the whole of the hydrocar
botlR were removed by complete combustion, and the 
carbon monoxide present practically so, there being less 
than 1 per cent. present. 

One great advantage in this system Is that the regu
ulation of the air supply is perfectly automatic, so that 
no extra trouble or responsibility is put upon the 
stoker, and, as naturally follows. it is admirably 
adapted for use where mechanical stokers are em
ployed. This automatic regulation is effected by the 
gauze (a) which is inserted in the, air passage, just be
fore it passes the fire bridge, on its way to the second
ary combustion chamber (c). 

That an economy is effected by thus obtaining more 
perfect combustion, is proved by t.he fact that the hy
drocarbons, usually allowed to escape unburnt, con
tain three-tenths of the heat of the original fnel, be
sides rendering the" economizers" more efficient by 
preventing the formation of sooty deposits upon tho 
tUbes.-Ghem. Tr. Jour. 
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